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Introduction {#sec1}
============

In December 2019, a cluster of cases of pneumonia with unknown cause was detected in Wuhan City, Hubei Province of China. A novel coronavirus was identified as the causative virus by Chinese authorities on January 7, 2020. The Coronavirus Study Group of the International Committee on Taxonomy of Viruses designated the causative virus as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and the disease, which subsequently spread globally, was named coronavirus disease of 2019 (COVID-2019) by the World Health Organization (WHO). In March 2020, the WHO declared COVID-19 a pandemic.

Like other major epidemics caused by coronaviruses (such as SARS and MERS), COVID-19 is a substantial threat to public health, with severe economic implications. The COVID-19 pandemic calls for increased research on traceability analysis, transmission, diagnosis methods, epidemiology, treatment, prevention, and containment of the disease.[@bib1]

In response to the COVID-19 pandemic, which the WHO declared the sixth Public Health Emergency of International Concern, researchers worldwide raced to characterize the virus through joint scientific research efforts. Around 60 key research organizations and journals, including BMJ, signed a joint statement pledging to "rapidly and openly" share research data and findings relevant to the outbreak. Medical journals, such as the Lancet, the New England Journal of Medicine, JAMA, BMJ, Springer Nature, National Medical Journal of China, and China Biotechnology set up a special hub to support the global response to COVID-19 by enabling fast and direct access to the latest available research, evidence, and data.[@bib2] ^,^ [@bib3] As of March 8, 2020, more than 1,500 studies on COVID-19, covering topics, such as etiology, diagnosis, epidemiology, treatment, prognosis, nursing, prevention, and control, were available in PubMed and China National Knowledge Infrastructure (CNKI)databases.

In this review, the global literature related to COVID-19 were analyzed using bibliometric methods, citation analysis, and knowledge mapping methods. Studies reporting temporal patterns, main countries affected, and core subjects were identified, and the status and trends in COVID-19 research were explored from January 2020 to March 2020 to reveal the conceptual knowledge map in SARS-CoV-2. The results provide a reference for current and future coronavirus research and policymaking worldwide.

Results {#sec2}
=======

Temporal Distribution {#sec2.1}
---------------------

Since the outbreak and global spread of COVID-19, researchers worldwide have embarked on intense research efforts, and the number of publications on COVID-19 has shown an increasing trend, with fluctuations, over time. The first related study, which was published on January 22, 2020, discussed the transmission of COVID-19 across species.[@bib4] Before February 5, 2020, the number of daily publications increased by single digits, and thereafter by double digits. In terms of research topic, etiology, epidemiology, and prevention research were the focus of early published papers. As the outbreak progressed, the focus of publications shifted to diagnosis and prevention. There were relatively fewer studies on prognosis and nursing as of March 8, 2020.

The number of Chinese articles published was larger than that of English articles, especially after the middle of February, by more than 2.5 times. This may be because China was the most severely affected country in the early stages of the pandemic. The first article appearing in Chinese journals was published on January 21, 2020. In this article, Gao and other scholars from the School of Life Sciences of Nankai University discovered, through traceability analysis, that the horseshoe bat was the original host of the virus, and suggested that this virus may be a new variant of coronavirus that mutates quickly, with a wide host range and strong host adaptability.[@bib5] In terms of research subdomains, treatment and prevention were the focus of these Chinese articles (details in [Figure 1](#fig1){ref-type="fig"} ).Figure 1Temporal Distribution of COVID-19-Related Early Publications in 2020

Regional Distribution and Cooperation {#sec2.2}
-------------------------------------

### Global Distribution {#sec2.2.1}

Regional distribution showed that the number of articles on COVID-19 is positively correlated with the severity in that particular country. China was one of the most severely affected countries in the early stages of the epidemic until late February; therefore, COVID-19-related studies were carried out rapidly. As a result, China (including Hong Kong, Macao, and Taiwan) ranked no. 1 with 353 published articles. Because of its firm foundations in medical and scientific research as well as its recent experience in the prevention and control of seasonal influenza, the US ranked second, with 97 published studies related to COVID-19. European countries, such as the UK (27 papers), Germany (15 papers) and Italy (15 papers) were among the countries with the highest number of publications focusing on the epidemiology of COVID-19.

The specific focus of COVID-19 studies has varied across different regions worldwide. China has mainly focused on the epidemiology of COVID-19. Patients in the early outbreak provided large samples of clinical characteristics and predictive spread of COVID-19. Research institutions on the Chinese mainland, such as Tongji Hospital, conducted numerous studies on the clinical characteristics and biochemical markers of COVID-19.[@bib6] A research foundation in Hong Kong, with 26 articles on SARS, rapidly initiated studies on the effective control of the spread of COVID-19. Research institutions in Hong Kong include universities (such as the University of Hong Kong, Hong Kong Polytechnic University) as well as hospitals (such as the Queen Mary Hospital), have focused on epidemiology as well as preventative and control measures for COVID-19.[@bib7] ^,^ [@bib8] The Government of Macau has placed greater emphasis on studies related to the prevention and control (one paper) and nursing care (one paper), and has taken early, proactive measures against transmission of COVID-19. Furthermore, studies performed by hospitals, in Taiwan (nine papers) (such as the National Taiwan University College of Medicine and regional general hospitals), have mainly focused on routes of transmission and clinical characteristics of COVID-19.[@bib9]

In the US, considerable studies on the epidemiology (30 papers), prevention and control, and etiology of COVID-19 have been published. For instance, the University of Washington has studied the impacts of travel restrictions on disease spread, the Mayo Clinic has investigated the establishment and rationality of prevention and control measures, and the University of Chicago has explored the pathological characteristics of SARS-CoV-2. Studies in the UK have mainly focused on the epidemiology and prevention and control of COVID-19; for example, University College London and the London School of Hygiene & Tropical Medicine have studied the effects of the disease on public health and the corresponding prevention and control measures to be undertaken at different phases of epidemic development. Research in Canada has focused on the epidemiology of COVID-19, such as the study from University of Toronto about the transmission dynamics and risk assessment. Japan has placed significant emphasis on epidemiological studies, with studies published by Hokkaido University and the Japan Science and Technology Agency describing the incubation period of SARS-CoV-2 and quarantine duration. Similarly, Germany has mainly focused on epidemiological studies; for example, Heidelberg University established a model to assess the epidemic potential of SARS-CoV-2 and predict its transmission dynamics and impact. Studies in Italy have placed a relatively higher focus on the epidemiological and etiological aspects of COVID-19. Scientists at the Lazzaro Spallanzani National Institute for Infectious Diseases have reported an unusual radiological presentation of COVID-19 using chest computed tomography (CT) scans. The Biomedical University of Rome has focused on investigating the pathogenesis and evolutionary pattern of SARS-CoV-2.

Journal publications on COVID-19 suggested that scientists from different countries worldwide have strengthened their research collaborations and launched joint research projects for the prevention and control of the epidemic. China has collaborated with 21 countries, including the US, Canada, and Japan, and published 80 related articles on the subject before March 8, dominating COVID-19 research. Furthermore, collaborative networks have been established among the US, Europe, and Southeast Asia as well as within European countries, which have jointly conducted studies on the virus and its pathogenic mechanism, as well as related clinical studies ([Figure 2](#fig2){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"} ).Figure 2Networks Formed by Collaborative Countries on COVID-19 Research.The size of the nodes represent the number of papers. The lines between two nodes represent collaboration links, the intensity of which is proportional to the thickness of the line.Table 1Number of Publications Resulting from Collaborations between China and Collaborative Countries, by Research SubdomainEtiologyDiagnosisEpidemiologyTreatmentPrognosisNursingPrevention and ControlUS (9)US (4)US (11)Japan (3)Canada (1)Canada (2)US (8)Japan (2)UK (1)Saudi Arabia (2)US (1)Australia (1)Australia (2)Australia (1)Germany (1)Japan (2)Italy (1)Canada (2)Austria (1)Japan (1)Italy (2)Bangladesh (1)Germany (1)Switzerland (1)Germany (2)Sweden (1)Saudi Arabia (1)the Netherlands (1)Canada (2)Denmark (1)Norway (1)Thailand (1)Iran (1)Sweden (1)Malaysia (1)Malaysia (1)Norway (1)India (1)UK (1)Egypt (1)Belgium (1)

Epidemiological, etiological, and diagnostic studies (75.6%) predominate among research arising from collaborations between China and other countries across a range of research topics related to COVID-19, including predictive modeling (e.g., R0), infection mechanism, genome sequencing of the virus, origin of the virus, receptors, PCR techniques, and immunological detection methods. In addition, China and Japan have collaborated to conduct clinical studies on extracorporeal membrane oxygenation, noninvasive respiratory support, potential antiviral therapeutics, and clinical features of patients. Furthermore, China has launched joint research projects with the US, Australia, and Canada to study protective measures for postpartum women and newborns, the experience of handling the epidemic, and to undertake discussions on countermeasures.

### Province-level Distribution {#sec2.2.2}

As of March 8, all 31 provincial-level entities in China have published COVID-19-related articles in Chinese journals. From the perspective of publication numbers, Beijing, Hubei, Guangdong, Shanghai, Sichuan, Jiangsu, Chongqing, Hunan, Zhejiang, and Shaanxi rank among the top 10. These cities and provinces also represented the seat of medical research power in China. Beijing, which has the strongest medical research capacity, ranked first with 256 papers, while Hubei, the region most severely affected by the epidemic in China, ranked second (177 papers). Furthermore, the numbers of COVID-19-related research papers in Guangdong (105 papers), Shanghai (100 papers), and Sichuan (100 papers) were also prominent. Research carried out in Beijing has covered all aspects of SARS-CoV-2, with a focus on treatment, prevention, etiology, and prognosis, ranking first in China in terms of number of publications. In addition to treatment and prevention, researchers in Hubei have focused on diagnosis of COVID-19 and nursing practice; research performed in Guangdong and Sichuan has mainly covered etiology, diagnosis, and nursing; studies in Shanghai have focused on etiology, prognosis, and nursing; publications from Jiangsu, Zhejiang, and Shaanxi mainly focus on etiology, while research in Chongqing has been centered around diagnosis ([Figure 3](#fig3){ref-type="fig"} ).Figure 3Distribution of Chinese Articles on COVID-19 across Major Cities and Provinces, by Research Subdomain (Number of Publications ≥50).

In terms of research subdomains, Chinese articles on the novel coronavirus have mainly focused on treatment and prevention, accounting for more than 85%. In addition to treatment and prevention, other research subdomains have been the focus of studies from different cities and provinces. The publication data also showed active collaborations on COVID-19 research across China. Among the around 1,000 retrieved research papers, the proportion of publications resulting from inter-provincial/city cooperation is 18%. From the perspective of research topic, about 20% of papers in the subdomains of treatment, prevention, and etiology resulted from inter-provincial/city research cooperation, while the corresponding percentages for studies on diagnosis and nursing were comparatively low, at about 13% and 6%, respectively. From the perspective of provinces and cities, about half of Beijing\'s papers were published in cooperation across provinces and cities, and almost all the provinces and cities established cooperative research relationships with Beijing. For Hubei, the number of inter-provincial collaborative papers was the second highest in China, and about 80% of institutions in other provinces and cities established joint research efforts with Hubei institutions. However, Hubei\'s inter-provincial collaborative rate was slightly lower. The numbers of publications resulting from inter-provincial collaboration in Jiangsu, Shanghai, and Guangdong were relatively similar. Among them, Jiangsu had the highest proportion of inter-provincial collaborative publications, exceeding 50%, and the corresponding percentages for Tianjin, Sichuan, and Liaoning were relatively close. However, their inter-provincial collaborative rates were quite different: Liaoning, over 70%; Tianjin, over 50%; and Sichuan, only about 22% ([Table 2](#tbl2){ref-type="table"} ).Table 2Publications on COVID-19 Resulting from Research Collaborations by Provinces and Cities in ChinaProvince/CityNo. Chinese PapersNo. Inter-provincial Collaborative PapersRatio of Inter-provincial Collaborative Papers (%)Beijing25611946.5Hubei1775329.9Jiangsu733852.1Shanghai1003535.0Guangdong1053331.4Tianjin472451.1Sichuan1002222.0Liaoning302273.3Hunan551832.7Shaanxi511835.3Chongqing611626.2Zhejiang511325.5Shandong321340.6Henan391230.8Total1,00218418.4

Panoramic Analysis {#sec2.3}
------------------

As of March 8, 2020, research on SARS-CoV-2 had covered the research subdomains of etiology, pathology, diagnosis, epidemiology, treatment, prevention and control, prognosis, and nursing, resulting in a huge knowledge map ([Figure 4](#fig4){ref-type="fig"} ).Figure 4SARS-CoV-2 Knowledge Scape.Different colors represent different research subdomains. The gray hollow circle represents the intersection of key words. Different research subdomains will involve the overlap of key words, such as the \"nuclear acid detection\" in the topic \"testing and sampling methods\" and the \"morphology, structure, replication\" in \"pathway.\" Therefore, the two research subdomains are anchored together at this node, represented by a hollow circle, with two lines pasted together.

### Etiology {#sec2.3.1}

SARS-CoV-2 is the seventh coronavirus belonging to β-coronavirus genus that is capable of causing disease in humans.

#### Morphology and Structure {#sec2.3.1.1}

SARS-CoV-2 is a spherical, enveloped, positive-sense, single-stranded RNA coronavirus, with a characteristic crown-like appearance produced by the peplomers of the spike (S) glycoprotein radiating from the virus lipid envelope when observed under an electron microscope.[@bib10] Its genome contains \~29.8 kb nucleotides, annotated to possess 12 or 14 open reading frames (ORFs), and encodes 9,860 amino acids and 27 proteins (such as 3a, 3b, p6, 7a, 7b, 8b, 9b, and orf14).

Sequence analysis showed that the ORF regions, such as ORF1ab, ORF3b, and ORF8, are important functional domains that may be related to protein stability and nucleophilic effects, as well as to mutations subject to selection pressure (e.g., Nsp2 and NSP3, aa83-aa89).[@bib11] ^,^ [@bib12] The spike glycoprotein on the virion surface mediates receptor recognition and membrane fusion. The conserved RNA binding domain in subunit S1 may be involved in the novel coronavirus\'s ability to cross species barriers imposed by receptor specificity. The C/N termini of the S1 subunit may also be responsible for direct interaction with the host receptor.

#### Traceability {#sec2.3.1.2}

Early epidemiological investigations have found that most COVID-19 patients in China had a history of travel to Wuhan, as well as a history of exposure to wildlife. The phylogenetic tree of coronaviruses suggested that the natural host of the novel coronavirus is the bat (*Rhinolophus affinis*),[@bib11] ^,^ [@bib13] and that SARS-CoV-2 represents a recombination, on the S protein, between the bat coronavirus and an origin-unknown coronavirus. Turtles and pangolins were suggested to be potential intermediate hosts for SARS-CoV-2 based on analyses using the MEGA program.[@bib4]

#### Spread {#sec2.3.1.3}

The transmission of SARS-CoV-2 between bats and intermediate hosts might be attributed to the contamination of food environments by animal droppings, restricted air flow in the environment, or the aggregation behavior of animals.[@bib14] Transmission between humans did not exclude the fecal-oral route, and the transmission intensity depended on the length of the incubation period and the importance of asymptomatic carriers with regard to disease transmission.[@bib15] ^,^ [@bib16]

#### Mutation and Recombination {#sec2.3.1.4}

The high replication rate and strong immunologic pressure in humans might be conducive to the adaptive evolution of the virus.[@bib17] ^,^ [@bib18] As the virus continues spreading in the population, the possibility of occurrence of such mutations demanded attention to track the emergence of new strains for vaccine development and new clinical symptoms.[@bib19] Studies have estimated the median number of intra-host variants to be from 1 to 4, ranging between 0 and 51 in different samples.[@bib20] Further evidence confirmed the existence of potential recombination hotspots around gene ORF1a/ORF1b or region 11083-20953.[@bib21]

#### Target {#sec2.3.1.5}

As a specific receptor that facilitates the entry of SARS-CoV-2 into target cells, ACE2 is a potential therapeutic target; the S protein (RNA binding domain and S2 subunits) of SARS-CoV-2 may also serve as an important antigenic target for neutralizing antibodies and vaccines. In addition, Mpro and RdRp, which are both involved in viral replication; TMPRSS2, which is essential for entry and viral spread of SARS-CoV-2 through interaction with the ACE2 receptor;[@bib22] and PLpro, which plays a major role in viral replication and innate immunity escape mechanisms, should be regarded as potential therapeutic targets.[@bib23]

### Pathology {#sec2.3.2}

#### Clinical Symptoms {#sec2.3.2.1}

Fever, diarrhea, fatigue, dry cough, asthma, dyspnea, headache, nausea, coarse crackles, hypoxemia, and muscle pain were the most common clinical symptoms in patients infected with SARS-CoV-2. The most common features of chest CT scans in patients with COVID-19 were bilateral ground-glass opacity,[@bib24] ^,^ [@bib25] some showed crazy-paving pattern and prevalence of air bronchograms.[@bib26] ^,^ [@bib27] As the disease progresses, chest CT images showed \"white lung\" in later stages.[@bib26], [@bib27], [@bib28], [@bib29] The disease may then escalate rapidly in severity, with patients exhibiting acute respiratory distress syndrome, RNAemia consolidation mixed focus, septic shock, refractory metabolic acidosis, and coagulopathy, with poor prognosis.[@bib24] ^,^ [@bib27] ^,^ [@bib30] ^,^ [@bib31] In some of the most severe cases, acute cardiac injury, secondary liver injury, hypoalbuminemia, bile duct injury, central nervous system injury, or systemic inflammatory response were observed[@bib26] ^,^ [@bib32], [@bib33], [@bib34] (details in [Figure 4](#fig4){ref-type="fig"}).

#### Pathological Manifestation {#sec2.3.2.2}

COVID-19 patients with severe pneumonia might experience cytokine storms owing to systemic inflammatory responses. The factors causing the inflammatory storm, which may lead to liver damage, multiple organ failure, and even death, included (1) rapid viral replication and cellular damage;[@bib28] ^,^ [@bib35] (2) renin-angiotensin system dysfunction caused by angiotensin-converting enzyme II (ACE2) downregulation and shedding; and (3) induction of anti-S-IgG.[@bib33] ^,^ [@bib36] The former two were primary inflammatory reactions, while the latter were secondary inflammatory reactions. No thrombus was found in the umbilical cord blood vessels, and nucleated red blood cells were not observed in the blood vessels of the placental villi, and transaminase levels were normal in three infected pregnant women. Recent research, however, suggested possible vertical transmission of SARS-CoV-2 from an infected mother to her newborn.[@bib37]

#### Prognosis {#sec2.3.2.3}

Underlying diseases, such as diabetes mellitus and hypertension might affect prognosis in COVID-19 patients. Glucocorticoid treatment and impaired blood circulation might lead to the prevalence of viral residues in cells, which remain immunogenic and relapse after a period of time. False-negative nucleic acid test might indicate the possibility of a recurrence of COVID-19 pneumonia.[@bib38] ^,^ [@bib39]

### Diagnosis {#sec2.3.3}

#### Virus Detection and Diagnosis Methods {#sec2.3.3.1}

There have been several methods for SARS-CoV-2 detection, which can mainly be classified into three categories: nucleic acid detection, immunological detection, and clinical feature identification. Among these, nucleic acid amplification detection methods, mainly including reverse transcriptase polymerase chain reaction (RT-PCR), real-time RT-PCR, diagnosis using gene chips, and whole-genome sequencing identification and classification[@bib10] ^,^ [@bib40], [@bib41], [@bib42] have been reported most frequently. The nucleic acid detection method was first proposed by the Drosten research team. The study was publicized by WHO, and the scheme was recommended as a SARS-CoV-2 laboratory diagnostic technique. Immunological identification methods, which are reported to enable rapid and convenient viral detection, mainly include ELISA enzyme-linked immune assays and monoclonal antibody-based detection. Methods for evaluating clinical features include chest CT images, peripheral blood leukocyte counts, and determination of the liver enzyme index.[@bib27] ^,^ [@bib43] In terms of testing and sampling methods, in addition to the traditionally used nasopharynx swabs, sputum, and other lower respiratory tract secretions, researchers also found that blood, tears and conjunctival secretion, feces, and other specimens are equally effective for detection of the virus.

### Treatment {#sec2.3.4}

Chemical drugs and traditional Chinese medicines have been reported to be effective as anti-coronaviral drugs. In addition to broad-spectrum antiviral drugs, such as fabiravir and abidol, protease inhibitors (e.g., lopinavir, litonavir), RNA polymerase inhibitors (e.g., remdesivir), neuraminidase inhibitors (oseltamivir), and chloroquine phosphate have been shown to have therapeutic effects.[@bib44], [@bib45], [@bib46], [@bib47] In addition, researchers have screened Chinese herbal medicines that directly inhibit SARS-CoV-2. Among biological drugs, there are many reports on the preventive and therapeutic potential of interferon alpha, antibody drugs, vaccines, stem cell therapies, and other products at the research and development stage.[@bib48] ^,^ [@bib49] In regard to vaccines, more than 100 new research projects worldwide, and nearly 20 enterprises in China, are engaged in the discovery and development of an effective vaccine against COVID-19. In addition, clinical treatment methods include oxygen therapy, respiratory support therapy (such as mechanical ventilation), and the use of plasma from recovered patients.[@bib50], [@bib51], [@bib52]

### Epidemiology {#sec2.3.5}

#### Clinical Presentation {#sec2.3.5.1}

According to imaging data for 99 patients with SARS-CoV-2 pneumonia, 75% of the patients showed bilateral pneumonia, 14% showed multiple mottling and ground-glass opacity, and 1% had pneumothorax. The percentage of male patients was slightly higher than that of female patients, and the mild and moderate cases accounted for a larger proportion (80.9%). The majority of patients were 30--69 years (77.8%), and the proportion of children or newborns was low.[@bib53], [@bib54], [@bib55] Pediatric cases mainly resulted from family clusters. Compared with the adult patients, the clinical manifestations of pediatric cases were atypical and relatively mild.[@bib56] ^,^ [@bib57]

#### Transmission {#sec2.3.5.2}

The transmission characteristics of SARS-CoV-2 were similar to those of SARS-CoV and influenza viruses, highlighting the potential for global spread.[@bib58] As of April 17, 2020, data from WHO showed that 2,158,033 confirmed cases had been identified in at least 200 countries, areas or territories, compared with the total of 24,727 on March 8, 2020. Specifically, the worst-affected countries were the US, Spain, Italy, Germany, and China. The number of the deaths was 67,840, which exceeds the number for SARS in 2002 (8,273 confirmed, 775 deaths) and MERS in 2012 (1,139 confirmed, 431 deaths). On March 12, 2020, WHO Director-General, Dr Tedros Adhanom Ghebreyesus, declared the COVID-19 outbreak a global pandemic, marking a further escalation of this epidemic.

#### Risk {#sec2.3.5.3}

Countries with a higher risk of SARS-CoV-2 transmission were Thailand, Cambodia, Malaysia, Canada, and the US, based on the weekly simulated passengers\' end-destination data for the period from January 1 to 31, 2020, derived from the online air travel dataset FLIRT.[@bib59] In Europe, the risk was concentrated among West European countries, such as the UK (39%), France (24%), and Germany (15%) before the implementation of the travel ban in Wuhan; this declined to 25% for the UK during the ban.[@bib60] The probability of travel of infectious COVID-19 cases from Wuhan to cities throughout China before the quarantine was expected to result in a COVID-19 risk of \>50% in 130 cities (95% CI, 89--190) and \>99% in the five largest metropolitan areas (Bazhong, Fushun, Laibin, Ziyang, and Chuxiong).[@bib61]

#### R0 {#sec2.3.5.4}

Studies on the basic reproduction number (R0), based on various epidemiological models, have been performed. The real-time changes in R0 were found to be an unstable trend, with large variances at the beginning of the outbreak, with a shift to a downward trend in late January that corresponded to the strengthening of the prevention and control strategies; this trend stabilized in late February, ranging from 1.4 to 4.1, and the estimated doubling time was 3.6 to 4.1 days.[@bib62] Specifically, R0 might be overestimated if asymptomatic cases have a shorter generation interval than symptomatic cases, or underestimated if this does not occur.[@bib63]

#### Incubation Time {#sec2.3.5.5}

The incubation period was generally considered to be no more than 14 days, with the median ranging from 3 to 7 days. Other research on cluster cases showed that COVID-19 was still contagious during the incubation period.[@bib64] The median interval between primary and secondary cases was 2.6 days, which is much shorter for those with direct infection (5 days).[@bib15]

### Prevention and Control {#sec2.3.6}

SARS-CoV-2 infected cases usually have an incubation period with no symptoms; therefore, prevention and control of the infection requires cooperation between governments, medical, research, and manufacturing organizations. In the absence of effective antiviral drugs or vaccines, interventions, such as isolation, quarantine, and disinfection are the most effective procedures in controlling COVID-19.

Prevention and control measures implemented by the Chinese government include managing the source of infection, cutting off the routes of transmission, and protecting the susceptible population. In addition, Singapore, the US, the UK, and other countries have also taken active measures to contribute to global joint defense efforts. Main measures includes:(1)Advanced technologies have been applied in epidemic surveillance and control. Big-data technology, machine learning algorithms, and artificial intelligence technology were widely used in epidemic data analysis and fitting. These new applications can scientifically simulate the spread dynamics of the COVID-19 outbreak, monitor and manage data on urban health, apply new corrective measures to control spread of infection, and improve possible-COVID-19 case identifications.[@bib65](2)Daily prevention measures have been focused on key populations and areas. Pregnant women and children were the priority groups for COVID-19 prevention as pregnant women were considered an at-risk group while the low infection rates among children might be due to having more mild cases that are not reported. Related studies have reported clinical recommendations for diagnosis, prevention, and control among these groups.[@bib66] To prevent clustered infections, the government has strengthened the management and control of people\'s movements. Medical staff have designed remote diagnosis and treatment guidelines for cancer patients.[@bib67] In several studies, technologies and requirements for protection and disinfection in key places, such as passenger transport stations, transportation facilities, and mobile cabin hospitals, have been discussed. Nursing research focuses on the health management and mental health care of pregnant women, severe cases, and patients with chronic disease.(3)Protective measures for front-line workers have received widespread attention. Many studies are calling for interventions to protect the health of medical staff. In addition to front-line medical staff in infectious disease and respiratory departments, those in dermatology departments, dentistry departments, ophthalmology departments, blood transfusion departments, burn departments, radiology departments, and general surgery wards were all subject to increased risk of infection. In accordance with the specific clinical practice characteristics of these departments, studies designing precautions and control measures against the novel coronavirus aimed at decreasing the risk of nosocomial COVID-19 infection have been published.(4)Experiences have been shared to strengthen systems, including strengthening case isolation, tracing close contacts of identified cases, placing restrictions on affected areas to reduce movement and increase personal protection in China in the early stages of the COVID-19 outbreak.(5)Global strategies for joint prevention and control of COVID-19 transmission have been implemented. In addition to China, the US Health Community has reviewed and updated protocols developed for previous epidemics, rapidly expanded diagnostic testing, established protocols for emergency departments and urgent care centers, taken public health actions to slow the spread of the epidemic, and restricted temporary travel.[@bib68] The UK has announced that school closures and bans on mass gatherings would need to be considered.[@bib69] Singapore[@bib70] and France[@bib71] have taken measures, including setting up quarantine periods and tracing close contacts of confirmed cases.

Discussion {#sec3}
==========

China Has Initiated COVID-19-Related Research in Considerable Scope and Depth {#sec3.1}
-----------------------------------------------------------------------------

China has made great contributions to scientific progress related to the COVID-19 pandemic, responding rapidly and initiating critical research in considerable scope and depth. The early stages of the outbreak in China provided a large number of cases for scientific research on both the causative virus and treatment strategies. Chinese researchers first isolated the novel coronavirus from patients on January 7, 2020, and sequenced the viral genome on January 12, 2020. Furthermore, China shared its diagnosis and treatment strategies worldwide, actively participated in international scientific research cooperative efforts, and promoted the rapid dissemination of research results related to COVID-19. Since February 2020, the number of publications by Chinese researchers has increased dramatically on a daily basis. In view of the seriousness of the epidemic during the early stages, the focus of Chinese publications has been on treatment, prevention, and control, with the aim of applying the research findings to outbreak control in a timely manner in response to the call of the government. Among articles written in English, the collaboration between provinces and cities in China, as well as among medical communities, scientific research communities, and industrial communities was the focus of study, along with an emphasis on epidemiology, etiology, diagnosis, prevention, and control. These findings have been shared globally, representing unremitting efforts contributed to global joint research. In general, compared with the SARS epidemic in 2003, the scientific research capability of China has demonstrated great qualitative progress, promoting more virus-related research and yielding important results in a short time.[@bib72]

Researchers all over the World Have Rapidly Launched Unprecedented Joint Research Efforts {#sec3.2}
-----------------------------------------------------------------------------------------

The global research on COVID-19 is accelerating, and the international community has reached a consensus in strengthening scientific collaboration. As of March 8, 2020, at least 1,500 papers on COVID-19 have been published in English or Chinese. In addition to China, the US, Canada, and European countries also carried out scientific research on COVID-19 in the early stages of the pandemic. Regional distribution and related research topics are strongly relevant in the context of the epidemic situation and the need for data acquisition. The US focused on epidemiology, prevention, and control based on the epidemiological data for SARS-CoV-2 in this country, and previous experience of influenza prevention and control during the recent outbreak. European countries and Japan carried out epidemiological studies before the outbreak based on transmission data. Southeast Asian countries and the Middle East focused on epidemiology and control. Researchers around the world launched an unprecedented scale of joint research (26% global and about 18% inter-provincial in China) rapidly in response to WHO appeals; countries have, as a result, reached a consensus on strategic direction and cultivated scientific cooperation.[@bib73] China and the US have established cooperative networks with European and Southeast Asian countries, and achieved unprecedented and extensive communication and information sharing in research in the fields of etiology, epidemiology, and clinical studies, leading to research actions being implemented faster than in the SARS and MERS outbreaks. It is worth noting that, due to the limitations of data and clinical samples, the research disparities in different regions will affect the guidance of the global treatment, and more global clinical studies should be explored in the future for more suitable treatment guidance in different countries. For China, researchers should take full advantages of their early research (such as the early clinical samples, and the R&D of a recombinant protein-based vaccine), combined with other regional research advantages (such as the technologies of rapid detection of COVID-19 and nucleic acid vaccines in the US) and, based on the expansion of global clinical samples, promote international joint research.

The Knowledge Map of SARS-CoV-2 Is Becoming Increasingly Comprehensive, and Knowledge Gaps to Be Filled Have Been Identified {#sec3.3}
----------------------------------------------------------------------------------------------------------------------------

Considerable information was available to researchers all over the world within 2 months of the outbreak of COVID-19, making the contextual knowledge system for SARS-CoV-2 increasingly clear and forming a knowledge scape that includes etiology, epidemiology, diagnosis, treatment, prevention, and control. It should be noted that our understanding of novel coronavirus is still not comprehensive enough, and knowledge gaps still exist in subdomains such as the origin of the virus; modalities of transmission between animals and humans; surrogate markers for infectivity; spectrum of clinical disease; adequate animal models; supportive care interventions; immunotherapy; safe provision of care; psychological care; and ethical problems. It is imperative to establish timely and clear research routes and to coordinate and accelerate research aimed at filling the above-mentioned gaps to control the pandemic and prepare for future outbreaks involving other coronaviruses.

Improve R&D to Accelerate Research Innovation {#sec3.4}
---------------------------------------------

The integration of research activities in the response to outbreaks has led to a prompt research response in terms of R&D activities on drug and vaccine development, and treatment. The next step is to consider other factors conducive to research innovation, such as fostering an innovative atmosphere in pharmaceutical R&D and focusing on research coordination to develop effective solutions. There is no approved drug therapy for SARS-CoV-2 or any other coronaviral infection at this time, as development efforts have been closely linked to free market dynamics. Thus, it is imperative to accelerate the improvement of innovative R&D of antiviral drugs. In the global market, public and private sectors must cooperate toward the development of a new regulatory category of broad-spectrum drugs for the treatment of coronaviral infections.[@bib74] For China in particular, acceleration of research aimed at the clinical isolation of dangerous pathogens is necessary, as well as improvement of the existing R&D facilities for the development of anti-coronaviral therapies. Advanced technologies have been applied in epidemic surveillance and control, and pandemic prevention and control strategies have been optimized in a timely manner. However, prevention and control measures taken by the international community have exposed shortcomings related to various aspects such as emergency reserve supplies as well as fundamental disease prevention and control systems in response to public health emergencies. It is suggested that the construction of advanced institutional mechanisms to reform the public health response in addition to an increased focus on coordination and cooperation among scientists, public health professionals, entrepreneurs, and government officials would be conducive to global joint defense against pandemics in the future. In addition to the above general suggestions, there are some other specific efforts that China must undertake. Regional differences in previous studies reflect the importance of developing an equitable health system and accelerating the construction of modern information systems to improve governmental coordination for effective pandemic preparedness and response.[@bib75], [@bib76], [@bib77], [@bib78]

Materials and Methods {#sec4}
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The sources of literature used in this review were PubMed (for publications in English) and CNKI(for publications in Chinese), and studies published between January 1, 2020, and March 8, 2020, were retrieved. The search strategy was: TS = ((COVID-19) OR (2019-nCoV) OR (2019 novel coronavirus) OR (SARS-CoV-2) OR (Wuhan coronavirus) OR (Wuhan novel coronavirus) OR (COVID) OR (novel coronavirus) OR (Wuhan nCoV) OR (Wuhan coronavirus) OR (2019 novel CoV)) (Expressions with "Wuhan" were included in the search strategy to guarantee the comprehensiveness of the retrieval, as in the early stage of the outbreak of the COVID-19, certain scholars used "Wuhan" in their manuscripts before WHO gave the formal name. The authors insist that SARS-CoV-2 or COVID-19 should be used when referred to as the new coronavirus.) The source publications were Chinese articles in research journals, and English articles limited to article and review, excluding letters and commentary, and so forth. Temporal distribution, regional distribution, and organization distribution of the literature were characterized by bibliometric analysis and clustering classification. Visualization of data was performed in Excel 2013, Visio 2013, and UCINET v.6.186, and all figures were redesigned by Adobe Illustrator 2020 and Adobe Photoshop 2020.
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